Thirty-eight patients with late sequelae of pulmonary tuberculosis (TB seq.) were studied to clarify the characteristics of sleep desaturation in comparison with 40 patients with chronic obstructive pulmonary disease (COPD). While awake, the TB seq. group had a lower %VCand a higher PaCO2. In both groups, the sleep lowest SaO2 was positively correlated with the awake SaO2. The regression line between the sleep lowest SaO2 and the awake baseline SaO2 in the TBseq. group was located below that in the COPDgroup. AwakePaCO2was negatively related to the sleep lowest SaO2only in the TB seq. group. These results indicate that the sleep lowest SaO2values were lower in TB seq. than in COPDpatients with the same levels of SaO2 while awake. Sleep studies are necessary to reveal the indication for nocturnal oxygen therapy in TB seq. patients, especially when they are hypercapnic in spite of their good awakeoxygenation.
Introduction
Nocturnal oxyhemoglobin desaturation (NOD) has been documented in patients with various respiratory diseases such as chronic obstructive pulmonary disease (COPD) (1-3) and scoliosis (4, 5) . COPDpatients often manifest worsening SaO2 during sleep ( 1) and this nocturnal desaturation is reported to be ameliorated by supplemental oxygen inhalation with a beneficial effect in reducing pulmonary artery pressure (6) . Therefore NODhas been incorporated in the indication for homeoxygen therapy (HOT) since 1988 in Japan. One of the characteristic features of HOTin Japan is its application for patients with late sequelae of pulmonary tuberculosis (TB seq.), which make up about one-fourth of the population receiving this therapy. In countries such as the United Kingdomand Japan, some patients whosuffered from pulmonary tuberculosis in the prechemotherapy era are now suffering from respiratory failure (7) (8) (9) . Most such patients underwent surgical treatments including lobectomy or thoracoplasty for collapsed lung to close the cavities. These surgical procedures limiting expansion of the lung have induced various thoracic deformities and, as a result, restrictive ventilatory impairments have developed. In patients with scoliosis with restrictive defects in respiratory functions, NODhas been reported to be more profound than in intrinsic lung disease, such as COPD (4) . Because the patients with TB seq. have both intrinsic and extrinsic defects in the lungs, they may exhibit different characteristics of NODin comparison with COPD. Accordingly, we attempted to compare the relationships between respiratory functions while awake and the degree of NODin patients with TB seq. and COPD patients.
Materials and Methods
Forty patients with COPDand thirty-eight patients with TB seq. were studied. Anthropometric and pulmonary function data of both groups are shown in Table 1 . Chest X-ray examination was routinely performed on these patients. Patients with FEVL0/FVC(FEVL0%) of less than 70%, no past history of TB and no radiographic features of TBseq. were defined as COPD. TBseq. was specifically diagnosed oil the basis ofa past history of TB (culture verification of TB) and the radiographic features representing TB seq. such as thoracoplasty, pleural thickening, pulmonary resection and/or atelectasis, fibrosis, bronchiectasis , cavity formation and compensatory emphysematouschange. The pulmonary function impairments were not uniform in the TB seq. group because of a variety of intrinsic and extrinsic pulmonary disorders. Eighteen of 38 patients with TB seq. had obstructive damage. Most of the COPDand TB seq. patients were being treated Sleep Desaturation in Late Sequelae of Pulmonary Tuberculosis and the total time spent with SaO2 of less than 85% (defined as 85%desaturation time). In the present study, we could only do polysomnography with some of the subjects because many patients with chronic respiratory disease complained of insomnia whenwe tried to perform it. Because the angles of spinal deformity assessed by the method of Cobb in chest X-rays examination were small and had no relation to the degree of NOD,it was assumed unlikely that the presence of scoliosis accounted for the severe NODin the TB seq. group. Student' s t-test was used for evaluating differences between the TB seq. and COPDgroups. A least-square linear regression was used to evaluate the relationship betweenawakevariables and sleep parameters. p<0.05 was considered significant. All data were expressed as mean±SE.
Results
There was no difference between the two groups in age, %IBWand PaO2. FEVj-0% was significantly lower in the COPDgroup, while %VCwas considerably lower in the TB seq. group (p<0.01). The TB seq. patients had higher PaCO2 values than the COPDpatients (Table 1) . Table 2 shows the analysis of the sleep study. There was no difference between the two groups in baseline SaO2. Although the 85 %desaturation time was not different between the groups, the degree of sleep desaturation was more profound in the TB seq. group when evaluated by the lowest SaO2 values. To exclude the influence of patients with lower baseline SaO2 (SaO2 <90%) on our data, we further evaluated the differences between the two groups in patients with SaO2 >;90%. The differences in all awake and sleep variables were statistically the same as those including all COPD and TB seq.
patients. In order to examine the effects of obstructive disorders on awake and sleep parameters in TB seq. patients, we compared these variables between the TB seq. patients with and without obstructive disorder. Although the patients with obstructive disorder had higher %IBW (97+5 vs 82±3), %VC (47+3 vs 36+2) and larger AaDO2 (23+2 vs 17±2), no differences were observed in sleep variables between the patients with and without obstructive impairment. Mean sleep time of 21 patients with COPDand 22 patients with TB seq. was 362+15 minutes (range 264-496 minutes) and 351+15 minutes (range 268-442 minutes), respectively. We observed REMsleep in all COPDand TB seq. subjects at a mean of 75±5 minutes and 75±6 minutes, respectively. Maximal desaturation occurred during REMsleep in all subjects. Representative tracings of thoraco-abdominal movementsby inductance plethysmography while awake and during sleep in one subject with TB seq. are shown in Fig. 1 . There was no significant difference in the data of anthropometry, pulmonary function, arterial blood gases, sleep lowest SaO2 and sleep 85%
desaturation time between the subjects tested and not tested by polysomno^raphy in both the COPDand TB seq. groups. To examine how daytime variables were correlated with the degree of NOD, we calculated the correlation coefficient of the linear regression analysis between the degree of NOD(the lowest SaO2 and 85% desaturation time) and daytime variables (PaO2, PaCO2, baseline SaO2, AaDO2, FEVL0% and %VC) ( Table 3 ). In the COPDgroup, baseline SaO2 orPaO2 was most closely related to the lowest SaO2 or 85%desaturation time. AaDO2was also correlated with the degree of NOD. There was no significant relationship between PaCO2and the degree of NOD.In the TB seq. group, however, PaCO2was most closely related to the degree of NOD.Baseline SaO2 or PaO2 revealed a strong correlation with the degree of NOD, as was also the case in the COPDgroup. No correlation was observed between pulmonary function tests and the degree of NODin either group. The sleep lowest SaO2 plotted against baseline SaO2 is illustrated in Fig. 2 . In the TB seq. group the regression line betweenthese two variables was situated below that in the COPDgroup. In some of the TB seq. patients with baseline SaO2 >90%, the sleep lowest SaO2 values were unexpectedly lower than those expected from the daytime SaO2 in COPD patients. Figure 3 shows the relationship between awake PaCO2and the sleep lowest SaO2 in both groups. There was a significant negative correlation between these two variables in the TBseq. but not in the COPDpatients, indicating that the former patients with hypercapnia exhibited severe NOD. The relationship between the sleep lowest SaO2 and 85% desaturation time is shown in Fig. 4 . In each group there was a highly negative correlation between these two variables. The slpe of the regression line in the COPDgroup was steeper than in the TB seq. group, indicating that the duration of NODwas shorter in the TBseq. patients in spite of the lower nadir SaO2.
Discussion
TBseq. is now well recognized as one of the diseases for which HOTcan be provided in Japan. Twenty percent of the patients receiving HOTwere TB seq. in 1994. Before the 1960s there was hardly any effective treatment for tuberculosis, because chemotherapy was not yet in widespread use. In those days, surgical treatments such as partial resection of several ribs (thoracoplasty) were often carried out to collapse air spaces in the infected lung. These procedures caused mechanical disadvantages in the chest cage, which later resulted in deteriorated respiratory function with restrictive impairment. Lung compliance decreased because of postinfectious lung fibrosis and pleural thickening and because of the loss of lung volume secondary to thoracoplasty. Chest wall compliance fell because of progressive fibrosis of the soft tissues of the rib cage as well as thoracic scoliosis. Someof the patients seemto have gradually developed respiratory failure after thoracoplasty (7-9). In TBseq. patients, hypoxemia seems to be mainly due to alveolar hypoventilation, because an increase in PaCO2with nearly normal AaDO2(gas exchange) generally develops. This late appearance of chronic hypercapnia may be explained by decreased lung volume, and decreases in respiratory drive with age, chest wall compliance and inspiratory muscle strength, and by respiratory muscle fatigue.
In this study, we have clarified the characteristics of sleep desaturation in TB seq. patients as compared with COPD patients. We found that NODoccurred in most TB seq. patients, as already reported in COPDpatients, and that the magnitude of NODwas more profound in TB seq. patients even though they had the same levels of awake baseline SaO2. In addition, we demonstrated that the values of baseline SaO2 and PaCO2while awake were correlated with the degree of NODin TB seq. patients. These results indicate that TBseq. patients with lower oxygen saturation and lower alveolar ventilation in wakefulness tend to be predisposed to severe NOD. Previous studies have demonstrated that many COPDpatients have frequent and prolonged episodes of hypoxemia during sleep (1 1), as we also found in this study. It is likely that a major cause of these nocturnal hypoxemicepisodes is hypoventilation, although other mechanismssuch as further impairment of ventilation-perfusion mismatchand upper airwayobstruction maycontribute to the nocturnal desaturation.
Internal Medicine Vol. 35, No. 7 (July 1996) In the present study, the feature of NODin TBseq. patients was different from that in COPD.Nocturnal desaturations in TB seq.
consisted of frequent short-duration episodes with striking hypoxemia. In TB seq. patients, a decrease in functional residual capacity, which reflects a decrement in %VC,may be involved in the profound degree of sleep desaturation observed, based on the analogy of the findings that initial lung volume is an important determinant of hypoxemia during apnea (12) . However, because %VCwas not significantly correlated with the magnitude of sleep desaturation in this study, other factors may also have contributed to the different pattern of NODfrom that in COPD.
In the present study, we found that the magnitude of nocturnal hypoxemiawasclosely related to the values of awake In summary, the wide gap between awake hypoxemia and NODseems to be mainly caused by the deleterious effects of sleep on the ventilatory muscle pump. This feature is explicit in thoracic constrictive lung diseases such as TBseq. and scoliosis. The present study suggests that a sleep study is indispensable for detecting unpredictably severe NODin thoracic constrictive lung diseases, and in that case the best indicator is the awake PaCO2 level.
